The general surgery team was planning to repair the lumbar hernia via laparoscopic surgery. However, tight adhesion of the meningocele to the spleen, which could result in significant operative difficulty, was suspected on MRI. Therefore, detachment of the meningocele from the spleen and surgical repair of the meningocele were planned by the neurosurgery team before the procedure to repair the lumbar hernia.
The patient was placed prone, general intubated anesthesia was induced, and a 4-cm midline longitudinal skin incision was made between the posterior spinous processes of T-9 and T-12. The paraspinal muscle was elevated from the spinous process on the left side, but very thin muscle was found at the level of the hemivertebrae. The thin and transparent meningocele wall was easily detected and exposed. The spleen was located just lateral to the meningocele, but no adhesion was observed between the meningocele and the spleen. However, the meningocele was tightly attached to the surrounding tissue on the rostral side by a fibrous band, which was considered to be a part of the left crus of the diaphragm. As a result, the meningocele was stretched with each exhalation (Fig. 3) . When the diaphragm was completely detached, the meningocele started to shrink spontaneously and showed less tension. After full exposure, the meningocele was cauterized with low heat to further shrink it until it was finally small enough to fit in the vertebral column. The meningocele was considered to have been mainly caused by the tension generated by the movement of the diaphragm, and therefore no reinforcement or repair of the vertebral defect was applied after the diaphragm was detached. The lumbar hernia surgery was considered to be relatively urgent, and intradural exploration was therefore not performed to avoid surgical complications such as pseudomeningocele that could potentially delay the hernia surgery. The patient subsequently underwent lumbar hernia repair by laparoscopy 2 weeks later, as initially planned.
Preoperative MRI showed mild syrinx at the level of the thoracic meningocele. The meningocele and associated scoliosis were initially considered to be the main reasons for the syrinx, because no obvious tethering structure was found on MRI. However, worsening of the syrinx was observed even after surgery. Thus, a fatty filum terminale and low-lying conus medullaris were considered to be the next candidates for the causative lesion, and incision of the filum terminale, which was considered to be a relatively low-risk procedure, was performed 5 months after initial surgery.
Postoperative MR images obtained 2 years after surgery showed successful repair with no mass effect and no recurrence of the thoracic meningocele (Fig. 2D ). In contrast, the syrinx showed interval enlargement even after the surgeries, although no symptoms were apparent. MRI indicated a possible membranous intradural tethering structure at the level of the meningocele, which might have caused the syrinx. Because the syrinx remains asymptomatic, the patient is currently under close observation without surgery. She may eventually undergo treatment at our multidisciplinary spina bifida clinic to check her gait and bowel and bladder function. Her scoliosis showed improvement after surgery, although careful observation and tracking of her growth are still required (Fig. 2B) .
Discussion
LCVS is a rare combination of congenital abnormalities and only a few cases have been reported thus far. in the presence of an enlarged intervertebral foramen or hemivertebrae. Most reported cases are associated with neurofibromatosis Type 1; cases without neurofibromatosis Type 1 are extremely rare. 3, 11, 13 Thoracic meningoceles are found incidentally and without clinical symptoms in most cases, and the indication for surgery should be carefully considered, especially when there are no symptoms. 11 The literature even recommends that analgesic treatment should be attempted prior to consideration of surgical repair because of the potentially high risk of the surgical procedure, and only patients with a high degree of discomfort are recommended for surgery. 11 In the present case, the congenital lumbar hernia already required surgical repair. 12 To maximize the safety of the endoscopic treatment, surgical exploration was recommended to determine whether the meningocele was adherent to the spleen. The continued growth of the meningocele was also considered to be an indication for surgery.
The muscular attachments of the eleventh and twelfth ribs play an important role in strengthening the region, and abnormality of the eleventh and twelfth rib structures results in weakened attachments of the involved adjacent musculature. This weakness predisposes patients with LCVS to lumbar hernia. 1 An abdominal hernia was recently safely treated using laparoscopic surgery, and lumbar hernia can theoretically be treated using a similar method. 6, 8 In our case, the association between meningocele and the adjacent organs needed to be carefully determined before and during surgery. Once the meningocele was detached and repaired, the lumbar hernia was treated successfully under laparoscopic surgery through the typical procedure.
The present patient exhibited scoliosis before surgery, and she showed improvement after the meningocele surgery without repair of the spinal column deformity. Scoliosis caused by hemivertebrae usually bends toward the side of the vertebral defect. The scoliosis in our patient, however, was bending toward the other side. Therefore, her scoliosis was considered to be formed secondary to the mass effect of the meningocele. The laminae of the vertebrae are fused at multiple levels, which makes prediction of the prognosis difficult; additionally, the laminar fusion may prevent the worsening of hemivertebraederived scoliosis by structurally reinforcing the vertebrae. Therefore, vertebral repair was not performed at the time of the first surgery.
Different etiologies can explain the different developmental mechanisms of meningocele among patients. If the patient has a history of meningeal nerve sheath trauma, subsequent loculation of the escaped CSF can result in progression. 13 For patients without a history of trauma, the pulsating motion and pressure of the CSF are considered to play an important role in meningocele formation, especially when preexisting dural weakness or bony defects are present. 11 Another hypothesis specific to the thoracic region is that negative intrathoracic pressure promotes the development of meningocele. 7, 9, 11 Both hypotheses are essentially identical in that continuous pulsatile pressure and vertebral opening are essential for formation of thoracic meningocele. Although pathological evidence to support these hypotheses is lacking, we consider that the theoretical basis is sound.
In the present case, the thoracic meningocele was located outside the thoracic cavity, and the negative pressure theory could therefore not be applied. However, the meningocele was attached to the crus of the diaphragm and thus anchored to it, thereby creating stretching tension continuously with respiratory movements. It is possible that this anatomical relationship was responsible for the development of the meningocele, and our case might therefore support the hypothesis that continuous or pulsatile pressure is responsible for the formation of a thoracic meningocele.
For treatment, the meningocele showed shrinkage after simple detachment, and the stretching movement of the meningocele with breathing disappeared. There has been no regrowth of the meningocele without reconstructions of vertebral anomaly thus far at 2 years after surgery, although continued careful observation is still necessary.
conclusions
A rare case of pediatric LCVS with a potentially new underlying mechanism was presented. Continuous pulsatile tension caused by anchoring to the crus of the diaphragm was considered to be potentially responsible for thoracic meningocele formation.
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